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Abstract
Method. – Thirty-nine revision of ACL reconstructions were evaluated: 23 primary ACL reconstructions with bone-patellar tendon-bone graft
(BPTB) revised with hamstring tendon (HT) grafts, 10 primary ACL reconstructions with HT grafts revised with ipsilateral BPTB graft (iBPTB)
and finally 6 primary ACL reconstructions with BPTB grafts revised with contralateral BPTB (cBPTB) grafts were compared with 78 primary ACL
reconstructions (46 HT grafts and 32 BPTB grafts). Recovery of isokinetic muscle strength was evaluated at 4, 6 and 12 months post-revision
surgery.
Results. – Deficits in muscle strength at 12 months post-revision ACL surgery were comparable to the one observed for primary ACL
reconstruction with the same technique. At 4 and 6 months post-surgery, strength deficits for the knee extensors were less pronounced after
revision ACL reconstruction with HT grafts (25%  16 vs. 37%  16; P < 0.001) and iBPTB grafts (41%  11 vs. 17%  17; P < 0.001).
Discussion. – Lower strength deficits for the knee extensors after revision ACL reconstruction with HT grafts can be explained by a less intensive
rehabilitation program due to lower stakes in resuming sport activities. With cBPTB, donor-site morbidity could explain the decreased strength
deficits for knee extensors.
Conclusion. – Deficits in isokinetic muscle strength after ACL revision seem similar to the ones observed after primary ACL reconstruction with
the same surgical technique.
# 2013 Elsevier Masson SAS. All rights reserved.
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Re´sume´
Objectif. – Mesurer la re´cupe´ration de la force musculaire isocine´tique du genou apre`s reprise d’une reconstruction du ligament croise´ ante´rieur du
genou.
Me´thode. – Trente-neuf reprises, 23 selon la technique aux ischio-jambiers (tendon patellaire repris par DIDT), 16 selon la technique au tendon
patellaire homolate´ral (10 DIDT repris par hTP) et controlate´ral (6 TP repris par cTP) ont e´te´ compare´s a` 78 plasties de premie`re intention (46 au
DIDT et 32 au TP). La re´cupe´ration de la force musculaire isocine´tique a e´te´ mesure´e a` 4, 6 et 12 mois postope´ratoires.
Re´sultats. – Le de´ficit musculaire a` 12 mois postope´ratoires apre`s reprise de ligamentoplastie est comparable a` celui observe´ apre`s une
ligamentoplastie re´alise´e de premie`re intention selon la meˆme technique. A` 4 et 6 mois postope´ratoires, le de´ficit des extenseurs est infe´rieur apre`s
reprise selon la technique au DIDT (25 %  16 vs 37 %  16 ; p < 0,001) et apre`s reprise selon la technique au TP controlate´ral (17 %  17 vs
41 %  11 ; p < 0,001).
Discussion. – Le faible de´ficit des extenseurs apre`s reprise au DIDT peut s’expliquer par un programme de re´e´ducation qui a e´te´ moins intense
e´tant donne´ un objectif de reprise sportive infe´rieur. Pour la technique au tendon patellaire controlate´ral, la perte de force lie´e a` la morbidite´ du




Annals of Physical and Rehabilitation Medicine 57 (2014) 55–65* Corresponding author.
E-mail address: marc.dauty@chu-nantes.fr (M. Dauty).
1877-0657/$ – see front matter # 2013 Elsevier Masson SAS. All rights reserved.
http://dx.doi.org/10.1016/j.rehab.2013.10.005
Conclusion. – Le de´ficit de force musculaire isocine´tique apre`s re´vision semble eˆtre identique a` celui e´value´ apre`s ligamentoplastie premie`re
re´alise´e selon la meˆme technique chirurgicale.
# 2013 Elsevier Masson SAS. Tous droits re´serve´s.
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1.1. Introduction
The objective of anterior cruciate ligament (ACL) recon-
struction is to correct functional instability of the knee and if
possible resume sport activities at the same level.
In some cases however, ACL reconstruction graft fails and
knee instability returns. According to different authors, revision
ACL reconstruction rates vary between 3 to 8.9% regardless of
the graft site (hamstrings or bone-patellar tendon-bone grafts)
[12,15,20].
Various reasons can explain ACL reconstruction failure, in
32 to 70% of cases a new trauma to the knee is involved [13,18].
In 24 to 63% of cases, failure is due to surgical issues, i.e.
misplaced graft reconstruction tunnels, graft tension and
fixation defects [2,6]. In rarer cases (1%), graft rupture due
to knee infections have been reported and intensive rehabilita-
tion programs were also incriminated [1,11].
With prosthetic ligaments, some biological components are
linked to ACL reconstruction failures (7%) [14]. A combination
of the above listed causes is responsible for 37% of failure cases
[13].
When the graft is torn, the decision for revision ACL
reconstruction should be discussed [7]. Thus, the work-up for
revision ACL reconstruction has to include an evaluation of
knee instability and its clinical validation. Plain radiographs
are essential for validating previous reconstruction tunnel
placement and size as well as potential arthritis; furthermore,
an MRI is needed to evaluate the medial meniscus’ state.
Various grafts can be harvested such as hamstring tendon
(HT) when bone-patellar tendon-bone (BPTB) has already been
used or vice versa. The contralateral BPTB can also be used as a
new graft. Other potential grafts include: contralateral HT,
quadriceps tendon, allograft from a donor. . . [1].
After revision surgery, the rehabilitation program should be
carefully designed to follow the same objectives defined after
primary ACL reconstruction, i.e. limit postoperative pain and
knee swelling to restore joint ROM, muscle strength and knee
stability [19].
Isokinetic strength training after primary ACL reconstruc-
tion has been well documented and assessed with isokinetic
dynamometers. Recovery of muscle strength depends, among
other things, on the tendon graft used [3]. Loss of strength for
knee extensors is to be expected with BPTB graft and loss of
strength of knee flexors is predictable after surgery with HT
grafts.
However, for revision ACL reconstruction, the recovery of
muscle strength has not yet been properly evaluated due to the
low number of patients who had this surgery. The objective ofthis work was to assess over a 12-month period the isokinetic
strength of newly reconstructed knees with various tendon




Patients included had revision ACL reconstruction surgery
between January 2001 and December 2010 and an evaluation of
knee isokinetic strength at 4, 6 and 12 months postoperative.
Only revision surgeries with HT grafts, ipsilateral or
contralateral BPTB grafts were included.
This population was compared to a population of patients
who had primary ACL reconstruction surgery with HTor BPTB
grafts and similar longitudinal isokinetic strength evaluation
during the same period.
Data were matched according to sex, age ( 2 years) and
weight ( 2 kg) in order to compare patients who had revision
ACL surgeries to patients with primary ACL reconstructions
with the same types of graft. The various sport activities were
collected even though this parameter could not be used for data
matching.
Exclusion criteria: patients who had revision ACL
surgeries without HT, ipsilateral or contralateral BPTB
grafts, patients who experienced recurrent knee instability
in spite of revision ACL reconstruction surgery and patients
who did not benefit from three isokinetic evaluations over the
12-month postoperative period. Furthermore, patients who
experienced postoperative complications such as anterior,
posterior or dystrophic pain were taken out of the study
because of the impact of this type of pain on isokinetic
strength loss [5].
All the patients gave their informed consents to be involved
in the study without any financial retribution and the isokinetic
evaluation protocol was approved by the scientific committee of
the physical medicine and rehabilitation department of the
Nantes university hospital.
1.2.2. Standardized rehabilitation training protocol
Physical therapy started the day after surgery in order to
drain the knee, restore active extension and joint ROM.
Walking was resumed as soon as possible with crutches or
canes for knee unloading. Patients were all sent to a
rehabilitation center for 15 to 21 days in order to follow a
standardized PM&R protocol monitored by physicians. The
objective was to return to sedentary life 3 weeks post-surgery.
No stretching or strength training of the hamstrings was
authorized during a full month after revision ACL surgeries
with HT grafts.
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training protocol was handed-out and explained to each patient.
Aerobic bike training was implemented 2 months postoperative
with a progressive duration ranging from 15 to 90 minutes three
times a week. At 4 months post-surgery, athletes were
authorized to resume endurance running [4]. At 6 months
postoperative, patients were encouraged to resume more
specific sport activities if their knee was effusion-free, painless,
mobile and stable and according to their feelings and
motivation.
1.2.3. Isokinetic evaluation
Isokinetic evaluations were conducted at months 4, 6 and
12 postoperative. We used a CybexNorm1 isokinetic dyna-
mometer (Rankoma, NY, USA) according to a standardized
protocol [4,5]: 10-minute warm up on a bike, getting familiar
with the isokinetic machine by performing 5 submaximal
movements followed by 2 maximal movements and finally the
isokinetic evaluation test.
The protocol consisted in three repetitions at the angular
speed of 608/s followed by five repetitions at 1808/s. A 20-
second recovery period was allowed between both series. All
evaluation tests were conducted by the same PM&R physician
following the same procedure and with the patient set in the
same position. The dynamometer was recalibrated monthly
according to the manufacturer’s instructions.
Peak force for knee flexors and extensors evaluated at the
angular speeds of 60 and 1808/s were retained as study
parameters in order to calculate peak torque loss of the operated
side compared to the contralateral side (1- [peak force for the
operated side/peak force for the healthy contralateral side]). In
order to better understand the results, mean peak torque values
of the healthy knee were collected and served as reference for
determining isokinetic deficits.
1.3. Statistical analysis
Parameters were expressed as means and standard devia-
tions. Deficits in isokinetic muscle strength for the two patientsTable 1
Matched comparison of the different populations and description of the sport activ
Revision ACL reconstructions Primary ACL 
23 primary ACL reconstructions with
BPTB grafts revised with HT grafts
Sports (n): soccer (11); basketball (4); handball (3);




10 primary ACL reconstructions with HT grafts
revised with ipsilateral BPTB grafts
Sports (n): soccer (4); tennis (2); running (1),




6 primary ACL reconstructions with BPTB
revised with cBPTB
Sports (n): handball (2); soccer (1); basketball




ACL: anterior cruciate ligaments; HT: hamstring tendons; BPTB: bone-patellar ten
bone-patellar tendon-bone.who had primary ACL reconstructions were averaged in order
to represent only one control patient. The comparison between
‘‘revision ACL reconstruction’’ and ‘‘primary ACL reconstruc-
tion’’ populations was achieved with a Student’s t-test for
paired samples after having validated that the distribution of
results corresponded to the Gaussian (normal) distribution. The
difference was deemed significant for P < 0.05 (SPSS software
version 12.0; SPSS Inc., Chicago, USA).
1.4. Results
Thirty-nine patients, 7 women and 32 men were assessed
after revision ACL reconstruction surgery. Mean age was
27 years  5 years. Mean time between primary ACL recon-
struction and revision ACL reconstruction was 66 months [6–
240 months]. Four patients were excluded from the study
because of anterior pain (2 revision ACL reconstructions with
cBPTB) or posterior pain (2 revision ACL reconstructions with
HT). No patient was excluded from the study because of
dystrophic pain. Eight partial meniscectomies were done
during revision ACL reconstruction, on the internal meniscus in
5 cases and external meniscus in 3 cases. Twenty-three primary
ACL reconstructions with BPTB graft were revised with HT
grafts and compared to 46 primary ACL reconstructions with
HT grafts. Six primary ACL reconstructions with BPTB graft
were revised using contralateral BPTB graft and compared to
12 primary ACL reconstructions with BPTB graft. Ten primary
ACL reconstructions with HT graft were revised with ipsilateral
BPTB graft and compared to 20 primary ACL reconstructions
with BPTB graft (Table 1).
The various sports practiced by the patients in the different
groups are listed in Table 1.
Mean torque values for the healthy lower limbs are
comparable regardless of the groups except for the group
who had revision ACL reconstructions with contralateral BPTB
graft (Table 2).
Patients who had revision ACL reconstructions with HT
grafts had significantly lower deficits of muscle strength of the
knee extensors at 4 and 6 months postoperative compared toities.
reconstructions
L surgery with HT grafts
cer (20); volleyball (6); basketball (4); handball (4); skiing (4); running (2);
rtial arts (2); Rugby (2)
L cases with BPTB grafts
cer (12); basket (2); volley (1); handball (1); skiing (1); running (1);
L reconstructions with BPTB grafts
ccer (5); basketball (1); volleyball (1); handball (1); skiing (1); tennis (1);
iking (1)
don-bone; IBPTB: ipsilateral bone-patellar tendon-bone; cBPTB: contralateral
Table 2
Peak torque values (MS in Nm) of the knee considered healthy at 4 months post-surgery.
MS Q 60 MS Q 180 MS H 60 MS H 180
Primary ACL reconstruction with BPTB grafts 184 (43) 122 (26) 105 (23) 78 (17)
Primary ACL reconstruction with HT grafts 190 (45) 127 (31) 106 (27) 76 (19)
Revision ACL reconstruction with HT grafts 197 (44) 126 (25) 109 (20) 86 (24)
Revision ACL reconstruction with iBPTB grafts 182 (49) 124 (29) 106 (30) 86 (28)
Revision ACL reconstruction with cBPTB graftsa 165 (47) 113 (30) 109 (26) 82 (19)
HT: surgical procedure with hamstring tendon grafts.
a For revision ACL with cBPTB grafts, none of the knees are considered healthy, thus explaining lower peak torque values for knee extensors at 60 and 1808/sec at
4 months post-surgery.
Table 3



























28.8 (7.5) 37 (16) 33 (13) 21 (13) 18 (10) 27 (14) 24 (11) 17 (13) 17 (12) 18 (9) 15 (8) 14 (11) 14 (11)
BPTB/HT
n = 23
27.3 (6.5) 25*** (16) 24** (13) 20 (10) 18 (13) 16*** (14) 16*** (12) 14 (7) 15 (11) 13 (10) 11 (8) 10 (13) 15 (11)
***P < 0.001; **P < 0.01. BPTB/HT: revision surgery with HT graft technique. Q60 4 months: deficit in isokinetic strength in percentage (standard deviation) of
knee extensors at 4 months post-surgery at the angular speed of 608/sec. H180 6 months: deficit in isokinetic strength in percentage of knee flexors at 6 months post-
surgery at the angular speed of 1808/sec. mths: months.
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(Table 3 and Fig. 1). No difference was evidenced for deficits in
muscle strength of the knee flexors between revision and
primary ACL reconstructions with HT grafts. Patients who had
revision ACL reconstructions with cBPTB grafts had signifi-
cantly lower deficits in muscle strength of the knee extensors at
4 and 6 months postoperative compared to patients with
primary ACL reconstructions with BPTB grafts (Table 4 and
Fig. 2). No difference was evidenced between revision ACL
reconstruction with iBPTB graft and primary ACL revision
with BPTB graft (Table 4 and Fig. 2). Deficits in muscle
strength of the knee flexors were similar.
1.5. Discussion
Regardless of the technique (HTor BPTB grafts) for revision







4 mths  6 mths 12  mths 
Control Q60
ACL/HT
*** Significant d ifference
***
***
Fig. 1. Evolution of knee extensors deficits (%) at the angular speed of 608/sec
after primary ACL reconstruction with HT grafts (control Q60) and revision
ACL with HT grafts (ACL/HT Q60).or extensors were similar or lower than the ones observed after
primary ACL reconstructions. This result was obtained after
patients presenting with postoperative pain, i.e. 10.7% of
included subjects, were excluded from the study [5].
Nevertheless, with no postoperative pain, the addition of a
second surgery could have had negative consequences on the
recovery of muscle strength for the knee. In fact, in our
population the mean 66-month delay between primary and
revision ACL reconstructions could explain this result. Twenty-
four months were sufficient to recover isokinetic muscle
strength for knee flexors and extensors [3]. In fact, most
probably isokinetic muscle strength of the knee was completely
restored prior to the new ACL rupture. Thus, revision ACL















Fig. 2. Evolution of muscle strength deficits of knee extensors (%) at the
angular speed of 608/sec after primary ACL reconstruction with BPTB (control
Q60), revision ACL surgery with ipsilateral (ACL/iBPTB Q60) and contralat-
eral (ACL/cBPTB Q60) BPTB grafts.
Table 4

























Controls n = 32 26.5 (7.5) 41 (11) 33 (10) 13 (11) 14 (10) 32 (12) 28 (11) 13 (18) 9 (6) 18 (11) 16 (9) 7 (4) 7 (5)
HT/iBPTB
n = 10
29 (9) 33 (10) 27 (13) 15 (7) 15 (10) 24 (11) 20 (11) 15 (5) 13 (5) 12 (6) 9 (5) 6 (3) 3 (1)
BPTB/cBPTB
n = 6
27 (6.4) 17*** (17) 19** (15) 18 (13) 13 (7) 12* (9) 16 (13) 13 (3) 18 (6) 10 (7) 5 (6) 13 (4) 11 (9)
***P < 0.001; **P < 0.01; *P < 0.05. cBPTB and iBPTB: revision ACL surgery with bone-patellar tendon-bone grafts. Q60 4 MThs: deficit in isokinetic strength in
percentage (standard deviation) of knee extensors at 4 months post-surgery at the angular speed of 608/sec. H180 6 months: deficit in isokinetic strength in percentage
of knee flexors at 6 months post-surgery at the angular speed of 1808/sec. mths: months.
M. Dauty et al. / Annals of Physical and Rehabilitation Medicine 57 (2014) 55–65 59Very few studies have focused on the recovery of isokinetic
muscle strength of the knee after revision ACL surgeries. No
longitudinal or comparative studies were found. Only, cross-
sectional descriptive studies exist. Woods et al., in 2001,
showed deficits in muscle strength for knee extensors and
flexors at 16.5% and 4% respectively for 13 revision ACL cases
with iBPTB graft at a 30-month follow-up with a 42-month
delay between primary and revision ACL surgeries [21].
With the same technique with revision ACL reconstruction,
our study showed comparable results from 12-month post-
operative follow-up with 12% and 6% deficits in muscle
strength of knee extensors and flexors respectively. In 2002,
O’Shea and Shelbourne reported a loss in muscle strength for
the knee extensors post-revision ACL reconstruction at 3%
which was comparable to the loss seen after primary ACL
surgery with a 49-month follow-up and a mean 71-month delay
between primary and revision ACL surgeries [3,17].
To our knowledge, no study has reported results for
isokinetic muscle strength after revision ACL surgery with
contralateral BPTB graft. This technique induces lower deficits
in muscle strength for the knee extensors than the ones observed
after primary ACL reconstruction with BPTB grafts. This can
be explained by the parameter used to measure the deficits in
muscle strength which is in percentage and by comparing both
knees.
Donor-site morbidity of the contralateral knee is responsible
for absolute strength deficits at 4 and 6 months postoperative,
thus the newly reconstructed knee exhibits lower deficits (17%
vs. 41% at 4 months postoperative, Table 4). At 12 months
postoperative, symmetry is not yet achieved but the difference
is no longer significant.
In 2005, Grossman et al. focused on the recovery of
isokinetic muscle strength after revision ACL surgery with HT
grafts [8]. Even if only 3 out of the 35 subjects benefited from
this technique the authors reported a 12% decrease in
hamstrings strength at 56 months follow-up. We reported
similar deficits, around 10%, right from M12 postoperative, in
accordance with the deficits observed in the primary ACL
population, and these deficits are related to donor-site
morbidity. Regarding deficits in extensors strength after
revision ACL with HT grafts, we found it to be lower to the
ones observed after primary ACL surgery with HT grafts.
According to the method used in this work, some hypotheses
can be laid out. First of all, isokinetic strength of the healthylower limb was similar in all groups, except for the group who
had revision ACL surgery with cBPTB since there was no
‘‘healthy lower limb in that group. This healthy limb was not
weakened by the inactivity induced by the various central pivot
ruptures and the two ACL reconstructions. Furthermore, the
type of sport activity did not seem to have had an impact on the
results even if the groups were not matched according to that
specific parameter and that the level of sport involvement
remained unknown.
However, it seems likely that patients who had 2 surgeries on
the same knee might have reconsidered their athletic ambitions.
Thus, the knee was not negatively impacted by a highly
intensive rehabilitation program which often translates into
greater deficits in isokinetic strength because of overloaded
adaptation capacities of the operated knee [5]. Most times,
patients think that exercises improve strength whereas it is the
state of the knee that enables the patient to perform these
efforts.
Our study does have some limits. Due to the low number of
revision ACL cases, we need to continue our work in order to
consolidate our results. By increasing the population of patients
with revision ACL surgeries with HT grafts, it could be possible
for the deficits in extensors strength to disappear at 12 months
post-surgery. However, the deficits in muscle strength for the
extensors of the contralateral knee seem quite coherent since
they are related to the donor site. For this last technique, the low
number of patients can be explained by the fact that harvesting
the contralateral BPTB graft requires operating on both limbs
during the same surgical procedure. The immediate post-
operative period is then more complex in terms of surgical risks
and rehabilitation care. Another limit lies in the lack of
knowledge regarding the degenerative state of the operated
knees [16].
When degeneration was evidenced during revision ACL
surgery, the authors measured the loss of static strength for the
hamstrings by electromyography and compared it with the
healthy side [9]. Our study did not show similar results,
probably because of the young age of patients in our population
(> 30 years). Knee laxity was not measured but this parameter
is not involved in recovery of isokinetic muscle strength. In
fact, in case of a functional treatment for ACL rupture, the
deficits in muscle strength, especially for the knee extensors,
usually disappear in a few months, unless there are
complications such as pain or lingering effusion [10].
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with revision ACL surgery, it allowed us to obtain a better
kinetic assessment of isokinetic muscle strength recovery for
primary ACL cases. A greater number of controls would have
been necessary in order to strengthen our database.
1.6. Conclusion
According to these preliminary results and in the absence of
postoperative pain, the recovery of isokinetic muscle strength
of the knee after revision ACL surgery regardless of the
technique with HTor BPTB grafts seems similar to the recovery
observed after primary ACL reconstruction with the same
technique. The lower deficits evidenced for knee extensors after
revision ACL surgery with BPTB can be explained by donor-
site morbidity. For the technique with HT grafts, deficits in
muscle strength for knee extensors are also lower; this is
probably due to a less aggressive rehabilitation program and
patients who toned down their athletic ambitions. These good
results for isokinetic muscle strength recovery are relevant for
the isokinetic follow-up of revision ACL surgeries.
Disclosure of interest




Apre`s ligamentoplastie du genou, l’objectif est de corriger
l’instabilite´ fonctionnelle du genou et si possible de reprendre
le sport au meˆme niveau. Cependant, il arrive que cette
reconstruction du ligament croise´ ante´rieur soit a` nouveau
de´faillante avec re´cidive de l’instabilite´ du genou. Selon
diffe´rents auteurs, le pourcentage de reprise de ligamento-
plastie varie de 3 a` 8,9 % et ceci quelle que soit la technique de
reconstruction re´alise´e aux ischio-jambiers ou au tendon
patellaire [12,15,20].
Diffe´rentes causes expliquent la faillite de la ligamento-
plastie. Un nouveau traumatisme du genou est mis en cause
dans 32 a` 70 % des cas [13,18]. Une cause chirurgicale est
retrouve´e dans 24 a` 63 % des cas selon les se´ries avec le constat
d’une anomalie de position des tunnels osseux, d’un de´faut de
fixation de la plastie et de tension du transplant [2,6].
L’infection du genou a` l’origine d’une rupture du transplant
semble plus rare (1 % des cas) alors que les programmes de
re´e´ducation acce´le´re´e ont e´galement e´te´ incrimine´s [1,11]. Les
causes biologiques sont e´galement e´voque´es lorsqu’une plastie
prothe´tique a e´te´ mise en place (7 %) [14]. Dans 37 % des cas,
une association des diffe´rentes causes pre´cite´es est pre´sente
[13].
Lorsque le transplant est rompu, l’indication d’une reprise
doit eˆtre muˆrement re´fle´chie [7]. La connaissance de l’histoire
de la nouvelle instabilite´ du genou et sa confirmation clinique
sont essentielles. Les examens radiologiques a` la recherched’une anomalie de position des tunnels et de l’arthrose
de´butante, comple´te´s par une imagerie par re´sonance magne´-
tique nucle´aire afin de ve´rifier l’e´tat des me´nisques sont
indispensables pour planifier la nouvelle reconstruction du
ligament croise´ ante´rieur. Diffe´rents transplants peuvent alors
eˆtre pre´leve´s parmi lesquelles le transplant aux ischio-jambiers
quand le tendon patellaire a de´ja` e´te´ utilise´ ou inversement. Le
tendon patellaire controlate´ral peut e´galement servir de
nouveau transplant. D’autres greffes sont possibles : ischio-
jambiers controlate´ral, tendon quadricipital, allogreffe a` partir
d’un donneur. . . [1].
En postope´ratoire, le programme de re´e´ducation doit eˆtre
planifie´ selon les meˆmes objectifs qu’apre`s une ligamento-
plastie de premie`re intention, a` savoir, limiter les douleurs et le
gonflement du genou pour re´cupe´rer les amplitudes articulaires,
la force musculaire et la stabilite´ du genou [19]. La cine´tique de
re´cupe´ration de la force musculaire de la cuisse apre`s
ligamentoplastie de premie`re intention est actuellement bien
connue graˆce aux mesures re´alise´es a` l’aide d’un dynamome`tre
isocine´tique. Cette re´cupe´ration de´pend entre autre du
transplant utilise´ [3]. Un de´ficit des extenseurs du genou est
attendu en cas de pre´le`vement du tendon patellaire et un de´ficit
des fle´chisseurs en cas de pre´le`vement des ischio-jambiers.
Cependant, en cas de reprise de ligamentoplastie, la re´cupe´ra-
tion de la force isocine´tique du genou est me´connue du fait du
faible nombre de patients ope´re´s. L’objectif de ce travail a donc
e´te´ de mesurer la re´cupe´ration sur 12 mois de la force
musculaire isocine´tique du genou nouvellement reconstruit a`
partir de diffe´rents transplants. Une comparaison a e´te´ re´alise´e




Les patients qui ont be´ne´ficie´ de janvier 2001 a` de´cembre
2010 d’une reprise de ligamentoplastie et d’une e´valuation de la
force musculaire isocine´tique du genou a` 4, 6 et 12 mois
postope´ratoires ont e´te´ inclus. Seules, les reprises re´alise´es a`
partir des tendons ischio-jambiers et a` partir d’un tendon
patellaire homo ou controlate´ral ont e´te´ prises en compte. Cette
population a e´te´ compare´e avec une population de patients
porteurs d’une ligamentoplastie de premie`re intention selon la
technique aux ischio-jambiers ou au tendon patellaire qui ont
observe´ le meˆme suivi isocine´tique longitudinal durant la meˆme
pe´riode. Un appariement a e´te´ re´alise´ selon le sexe, l’aˆge
( 2 ans) et le poids ( 2 kg) afin de comparer les patients
porteurs d’une reprise de ligamentoplastie avec deux patients
porteurs d’une ligamentoplastie de premie`re intention re´alise´e a`
partir du meˆme type de transplant. Les diffe´rentes pratiques
sportives ont e´te´ re´pertorie´es meˆme si ce parame`tre n’a pu eˆtre
utilise´ pour l’appariement des patients.
Ont e´te´ exclus, les patients repris avec un transplant diffe´rent
des ischio-jambiers et du tendon patellaire homo- ou
controlate´ral et les patients qui ont re´cidive´ une instabilite´
de genou malgre´ la reprise de reconstruction du ligament croise´
ante´rieur. Les patients qui n’ont pas be´ne´ficie´ de trois
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exclus. Les patients qui ont pre´sente´ des complications
postope´ratoires a` type de douleurs ante´rieures, poste´rieures,
dystrophiques ont e´te´ sortis de l’e´tude en raison de l’influence
de ces douleurs sur les de´ficits isocine´tiques [5].
Tous les patients ont donne´ leur consentement pour
participer a` l’e´tude sans percevoir un avantage financier et le
protocole de suivi isocine´tique a e´te´ approuve´ par le poˆle
scientifique de me´decine physique et de re´adaptation du CHU
de Nantes.
2.2.2. Protocole standardise´ de re´e´ducation et de
re´adaptation
Les soins de masso-kine´sithe´rapie ont de´bute´ le lendemain
de la chirurgie afin de drainer le genou, re´cupe´rer l’extension
active et les amplitudes articulaires. La marche a e´te´ reprise le
plus toˆt possible avec un appui complet autorise´ sous couvert de
deux cannes anglaises. Les patients ont tous e´te´ adresse´s en
centre de re´e´ducation pour une dure´e de 15 a` 21 jours afin de
re´aliser un protocole standardise´ supervise´ me´dicalement.
L’objectif e´tait d’obtenir un retour a` une vie se´dentaire en
3 semaines. Aucun e´tirement et renforcement musculaire des
ischio-jambiers n’a e´te´ autorise´ avant 1 mois apre`s la technique
aux ischio-jambiers.
Un protocole e´crit de re´adaptation a` l’effort a ensuite e´te´
remis et explique´ a` chaque patient a` la sortie du service de
me´decine physique et de re´adaptation. La pratique ae´robie de la
bicyclette a e´te´ demande´e a` 2 mois postope´ratoires selon une
dure´e progressive de 15 a` 90 minutes a` raison de trois fois par
semaine. La reprise du footing en endurance a e´te´ autorise´e a`
partir du 4e mois postope´ratoire [4]. La reprise des activite´s
sportives plus spe´cifiques a e´te´ encourage´e si le genou e´tait sec,
indolore, mobile et stable et selon les sensations et la motivation
des sujets a` partir du 6e mois postope´ratoire.
2.2.3. E´valuation isocine´tique
Les e´valuations isocine´tiques ont e´te´ re´alise´es au quatrie`me,
sixie`me et douzie`me mois postope´ratoire a` l’aide d’un
dynamome`tre isocine´tique Cybex Norm1 (Rankoma, NY,
E´tats-Unis) selon une proce´dure standardise´e [4,5] : dix
minutes d’e´chauffement sur bicyclette, familiarisation sur la
machine isocine´tique par la pratique de cinq mouvements sous-
maximaux, puis deux mouvements maximaux, puis test
isocine´tique. Le protocole a consiste´ en la re´alisation de trois
re´pe´titions a` la vitesse angulaire de 608/s suivi de cinq
re´pe´titions a` la vitesse angulaire de 1808/s. Vingt secondes de
re´cupe´ration ont e´te´ autorise´es entre les deux se´ries. Les tests de
suivi ont ensuite e´te´ re´alise´s sous la direction du meˆme me´decin
de me´decine physique et re´adaptation, en reprenant toujours la
meˆme proce´dure et la meˆme position du patient. La calibration
du dynamome`tre a e´te´ obtenue mensuellement selon les
recommandations du constructeur. Les pics de force des
extenseurs et des fle´chisseurs des genoux e´value´s aux deux
vitesses angulaires de 60 et 1808/s ont e´te´ retenus comme
parame`tres d’e´tude afin de calculer le de´ficit du moment de
force par rapport au coˆte´ controlate´ral (1- [pic de force coˆte´
ope´re´/pic de force coˆte´ sain]). Afin de mieux comprendre lesre´sultats, les valeurs moyennes des pics de couple de force du
genou conside´re´ sain ont e´te´ montre´es car elles ont servi de
re´fe´rence pour le calcul des de´ficits isocine´tiques.
2.3. Analyse statistique
Les parame`tres ont e´te´ exprime´s selon la moyenne et l’e´cart-
type. Les de´ficits de force musculaire isocine´tique des deux
patients traite´s par ligamentoplastie de premie`re intention ont
e´te´ moyenne´s comme s’ils ne formaient qu’un patient te´moin.
La comparaison des populations « reprise de ligamentoplastie »
et « ligamentoplastie de premie`re intention » a ensuite e´te´
re´alise´e selon un t-test pour e´chantillons apparie´s apre`s
ve´rification que la distribution des re´sultats correspondait a`
la loi normale. Une diffe´rence a e´te´ juge´e significative pour
p < 0,05 (Logiciel SPSS 12.0 SPSS Inc., Chicago, E´tats-Unis).
2.4. Re´sultats
Trente neuf patients, 7 femmes et 32 hommes, ont e´te´
e´value´s apre`s reprise de ligamentoplastie du genou. L’aˆge
moyen e´tait de 27 ans  5. Le de´lai entre la ligamentoplastie
premie`re et la reprise e´tait de 66 mois [6–240 mois]. Quatre
patients repris ont e´te´ sortis d’e´tude, soit 10,7 % des sujets [IC
95 % : 1,6–19,8], en raison de douleurs ante´rieures (2 reprises
au TPc) ou de douleurs poste´rieurs (2 reprises au DIDT). Aucun
patient n’est sorti d’e´tude pour douleurs d’origine dystro-
phique. Huit me´niscectomies partielles ont e´te´ re´alise´es lors de
la reprise, au niveau du me´nisque interne dans 5 cas et externe
dans 3 cas. Vingt-trois ligamentoplasties au tendon patellaire
ont e´te´ reprises par plastie aux ischio-jambiers et compare´es a`
46 plasties de premie`re intention aux ischio-jambiers. Six
ligamentoplasties au tendon patellaire ont e´te´ reprise par
pre´le`vement controlate´ral et compare´es a` 12 plasties de
premie`re intention au tendon patellaire. Dix plasties aux
ischio-jambiers ont e´te´ reprises par plastie au tendon patellaire
homolate´ral et compare´es avec 20 plasties de premie`re
intention au tendon patellaire (Tableau 1). Les diffe´rents sports
pratique´s par les patients des diffe´rents groupes sont montre´s
dans le Tableau 1.
Les valeurs moyennes des pics de couple du membre
infe´rieur conside´re´ sain sont comparables quels que soient les
groupes a` l’exception du groupe repris par la proce´dure au
tendon patellaire controlate´ral (Tableau 2).
Les reprises de plastie aux ischio-jambiers pre´sentaient un
de´ficit isocine´tique de force des extenseurs significativement
plus faible a` 4 et 6 mois postope´ratoires par comparaison aux
plasties de premie`re intention re´alise´es aux ischio-jambiers
(Tableau 3 et Fig. 1). Aucune diffe´rence n’a e´te´ retrouve´e pour
les de´ficits des fle´chisseurs du genou entre les reprises et les
plasties de premie`re intention aux ischio-jambiers.
Les reprises de plastie au tendon patellaire controlate´ral
pre´sentaient un de´ficit de force des extenseurs significativement
plus faible a` 4 et 6 mois postope´ratoires par comparaison aux
plasties de premie`re intention re´alise´es au tendon patellaire
(Tableau 4 et Fig. 2). Aucune diffe´rence n’a e´te´ retrouve´e entre
les reprises au tendon patellaire homolate´rale et les plasties de
Tableau 2
Pics de couple de force (MF en Nm) du genou conside´re´ sain a` 4 mois postope´ratoires.
MF Q 60 MF Q 180 MF IJ 60 MF IJ 180
TP premie`re 184 (43) 122 (26) 105 (23) 78 (17)
DIDT premie`re 190 (45) 127 (31) 106 (27) 76 (19)
Reprise par DIDT 197 (44) 126 (25) 109 (20) 86 (24)
Reprise par TPh 182 (49) 124 (29) 106 (30) 86 (28)
Reprise par TPca 165 (47) 113 (30) 109 (26) 82 (19)
DIDT : proce´dure chirurgicale aux ischio-jambiers. TPh et TPc : proce´dure chirurgicale au tendon patellaire homolate´ral et controlate´ral. MF Q 60 : pic de couple
isocine´tique en Nm des extenseurs du genou a` la vitesse angulaire de 608/sec ; MF IJ 180 : pic de couple isocine´tique en Nm des fle´chisseurs du genou a` la vitesse
angulaire de 1808/sec.
a Pour les reprises par TPc, il n’existe pas de genou conside´re´ sain, ce qui explique un pic de couple plus faible a` 4 mois postope´ratoires des extenseurs du genou a` 60
et 1808/sec.
Tableau 1
Comparaison des diffe´rentes populations apparie´es et description des activite´s sportives.
Re´visions des ligamentoplasties Ligamentoplasties premie`res
23 TP repris par DIDT
Sports (n) : football (11) ; basket (4) ; handball (3) ;
courses (2) ; ski (1) ; BMX (1) ; judo (1)
46 DIDT
Sports (n) : football (20) ; volley (6) ; basket (4) ; handball (4) ; ski (4) ; course (2) ; tennis (2) ;
arts martiaux (2) ; rugby (2)
10 DIDT repris par TPh
Sports (n) : football (4) ; tennis (2) ; course
(1) ; e´quitation (1) ; karate´ (1) ; rugby (1)
20 TP
Sports (n) : football (12) ; basket (2) ; volley (1) ; handball (1) ; ski (1) ; course (1) ; judo (1) ;
course (1)
6 TP repris par TPc
Sports (n) : handball (2) ; football (1) ;
basket (1) ; course (1) ; danse (1)
12 TP
Sports (n) : football (5) ; basket (1) ; volley (1) ; handball (1) ; ski (1) ; tennis (1) ; course (1) ;
cyclisme (1)
DIDT : proce´dure chirurgicale aux ischio-jambiers. TPh et TPc : proce´dure chirurgicale au tendon patellaire homolate´ral et controlate´ral.
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Les de´ficits de force des fle´chisseurs du genou e´taient
comparables.
2.5. Discussion
Quelle que soit la technique de reprise des ligamentoplasties
du genou aux ischio-jambiers ou au tendon patellaire, le de´ficit
de force des extenseurs ou des fle´chisseurs du genou est
comparable ou infe´rieur a` celui observe´ apre`s ligamentoplastie
de premie`re intention. Ce re´sultat a e´te´ obtenu apre`s sortie
d’e´tude des patients ayant pre´sente´ une douleur postope´ratoire,
soit 10,7 % des sujets inclus [IC 95 % : 1,6–19,8]. Ce
pourcentage est comparable aux donne´es de la litte´rature qui
rapporte des douleurs postope´ratoires dans 2 a` 30 % des cas de
reconstructions premie`re du ligament croise´ ante´rieur [5].Tableau 3













28,8 (7,5) 37 (16) 33 (13) 21 (13) 18 (10) 27 (14) 
TP/DIDT
n = 23
27,3 (6,5) 25*** (16) 24** (13) 20 (10) 18 (13) 16*** (14
***p < 0,001 ; **p < 0,01. TP/DIDT : reprise par technique aux ischio-jambiers
extenseurs du genou a` 4 mois postope´ratoires et a` la vitesse angulaire de 608/sec. IJ18
a` 6 mois postope´ratoires et a` la vitesse angulaire de 1808/sec.Ne´anmoins, en l’absence de douleur postope´ratoire, le cumul
d’une seconde intervention aurait pu suffire a` entraıˆner des
conse´quences ne´gatives sur la re´cupe´ration de la force. En fait,
le recul moyen de 66 mois de notre population entre la
ligamentoplastie premie`re et la reprise peut expliquer ce
re´sultat. Vingt-quatre mois sont suffisants pour re´cupe´rer la
force isocine´tique des extenseurs et des fle´chisseurs du genou
[3]. La force isocine´tique du genou avait sans doute re´cupe´re´
quasi totalement avant la nouvelle rupture. La seconde
reconstruction n’a donc pas pu aggraver un de´ficit de force
pre´existant.
Peu d’e´tudes se sont inte´resse´es a` la re´cupe´ration de la force
isocine´tique du genou apre`s reprise de ligamentoplastie. Nous
n’avons retrouve´ aucune e´tude longitudinale et comparative.
Seules, existent des e´tudes transversales descriptives. Woods
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. Q60 4 mois : de´ficit de force isocine´tique en pourcentage (e´cart-type) des











*** Différence s ignifi cative  (p< 0.001)
***
***
Fig. 2. E´volution des de´ficits des extenseurs de genou a` la vitesse angulaire de
608/sec apre`s reconstruction au tendon patellaire de premie`re intention (te´moin









4 mois 6 mois 12 mois
Témoins Q60
LCA/IJ Q60
*** Différence s ignifi cative  (p< 0.001)
***
***
Fig. 1. E´volution des de´ficits des extenseurs de genou a` la vitesse angulaire de
608/sec apre`s reconstruction aux ischio-jambiers de premie`re intention (te´moin
Q60) et re´vision aux ischio-jambiers (LCA/IJ Q60).
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respectivement a` propos de 13 reprises au tendon patellaire
homolate´ral a` 30 mois de recul alors que le de´lai e´tait de
42 mois entre la ligamentoplastie premie`re et la reprise [21].
Selon la meˆme technique de reprise, notre e´tude a montre´ des
re´sultats comparables de`s 12 mois postope´ratoires avec un
de´ficit de 12 % et de 6 % au niveau des extenseurs et des
fle´chisseurs du genou respectivement. O’Shea et Shelbourne en
2002, ont rapporte´ un de´ficit des extenseurs de 3 % comparable
au de´ficit constate´ apre`s ligamentoplastie de premie`re intentionTableau 4













26,5 (7,5) 41 (11) 33 (10) 13 (11) 14 (10) 32 (12
DIDT/TPh
n = 10
29 (9) 33 (10) 27 (13) 15 (7) 15 (10) 24 (11
TP/TPc
n = 6
27 (6,4) 17*** (17) 19** (15) 18 (13) 13 (7) 12* (9
***p < 0,001 ; **p < 0,01 ; *p < 0,05. TPc et TPh : re´vision au tendon patellaire 
isocine´tique en pourcentage (e´cart-type) des extenseurs du genou a` 4 mois postop
isocine´tique en pourcentage des fle´chisseurs du genou a` 6 mois postope´ratoires et au tendon patellaire pour un recul de 49 mois et un de´lai de
71 mois entre la ligamentoplastie premie`re et la reprise [3,17].
En ce qui concerne les reprises de reconstruction au tendon
patellaire controlate´ral, aucune e´tude n’a rapporte´ de re´sultats
isocine´tiques a` notre connaissance. Cette technique est
responsable d’un de´ficit des extenseurs infe´rieur a` celui
observe´ apre`s technique au tendon patellaire de premie`re
intention. Ceci est explique´ par le parame`tre utilise´ de de´ficit
calcule´ en pourcentage et qui compare les deux genoux. La
morbidite´ du site donneur au niveau du genou controlate´ral est
responsable d’une perte de force en valeur absolue a` 4 et 6 mois
postope´ratoires si bien que le de´ficit du genou nouvellement
reconstruit est plus faible (17 % vs 41 % a` 4 mois
postope´ratoires, Tableau 4). A` 12 mois postope´ratoires, la
syme´trie n’est pas encore acquise mais la diffe´rence n’est plus
significative.
En 2005, Grossman et al. se sont inte´resse´s a` la re´cupe´ration
de la force isocine´tique apre`s technique de reprise aux ischio-
jambiers [8]. Meˆme si seulement 3 des 35 sujets avaient
be´ne´ficie´ de cette technique, il e´tait constate´ un de´ficit de
l’ordre de 12 % des ischio-jambiers a` 56 mois de recul. Nous
avons rapporte´ un de´ficit comparable de 10 % de`s 12 mois
postope´ratoires, qui est similaire a` celui observe´ chez la
population ope´re´e de premie`re intention et qui est en rapport
avec la morbidite´ du site donneur. En ce qui concerne le de´ficit
des extenseurs apre`s reprise aux ischio-jambiers, nous
rapportons qu’il est infe´rieur a` celui observe´ apre`s une
ligamentoplastie aux ischio-jambiers de premie`re intention.
Selon la me´thode que nous avons utilise´e, quelques hypothe`ses
peuvent eˆtre e´mises. Tout d’abord, la force isocine´tique du
membre infe´rieur conside´re´ sain a e´te´ comparable pour les
diffe´rents groupes a` l’exception du groupe repris par la
proce´dure au tendon patellaire controlate´ral (absence de
membre infe´rieur sain). Ce membre conside´re´ sain n’e´tait
donc pas affaibli du fait de l’inactivite´ lie´e aux diffe´rentes
ruptures du pivot central et des deux chirurgies de reconstruc-
tion du ligament croise´ ante´rieur. Ensuite, l’activite´ sportive
re´alise´e ne semble pas avoir influence´ les re´sultats meˆme si les
groupes n’ont pas e´te´ apparie´s pour ce parame`tre et que le
niveau sportif exact n’est pas connu. Cependant, il est possible
que le de´sir sportif des patients de´ja` ope´re´s a` deux reprises d’un















) 28 (11) 13 (18) 9 (6) 18 (11) 16 (9) 7 (4) 7 (5)
) 20 (11) 15 (5) 13 (5) 12 (6) 9 (5) 6 (3) 3 (1)
) 16 (13) 13 (3) 18 (6) 10 (7) 5 (6) 13 (4) 11 (9)
controlate´ral et au tendon patellaire homolate´ral. Q60 4 mois : de´ficit de force
e´ratoires et a` la vitesse angulaire de 608/sec. IJ180 6 mois : de´ficit de force
a` la vitesse angulaire de 1808/sec.
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re´adaptation sportive trop agressive qui se traduit le plus
souvent par un de´ficit isocine´tique plus grand lie´ a` un
de´passement des capacite´s d’adaptation du genou ope´re´ [5].
Trop souvent, les patients pensent que les exercices ame´liorent
la force alors que c’est l’e´tat du genou qui autorise la re´alisation
des efforts.
Mais quelques limites a` notre e´tude sont pre´sentes. Le
faible nombre de reprises de ligamentoplasties  ne´cessiterait
de poursuivre les investigations afin d’obtenir des re´sultats
plus robustes. En augmentant la population reprise selon la
proce´dure aux ischio-jambiers, il est possible que le de´ficit
des extenseurs du genou puisse disparaıˆtre a` 12 mois
postope´ratoires. Par contre, le de´ficit des extenseurs du
genou controlate´ral constate´ lors des reprises au tendon
patellaire controlate´ral est assez cohe´rent en raison du site
donneur. Pour cette dernie`re proce´dure chirurgicale, le faible
nombre de patients s’explique par le fait que le pre´le`vement
controlate´ral oblige a` une chirurgie des deux coˆte´s dans le
meˆme temps ope´ratoire. Les suites sont alors plus complexes
en termes de risque chirurgical et de soins de re´e´ducation.
Une autre limite est repre´sente´e par l’absence de connais-
sance du statut de´ge´ne´ratif des genoux ope´re´s [16]. En cas de
genou de´ge´ne´ratif constate´ lors de la reprise de la
ligamentoplastie, une perte de force statique du quadriceps
a e´te´ mesure´e par e´lectromyographie par rapport au coˆte´ sain
[9]. Notre e´tude n’a pas montre´ des re´sultats similaires sans
doute en raison de l’aˆge de nos populations infe´rieur a`
30 ans. La laxite´ des genoux n’a e´galement pas e´te´ mesure´e,
mais ce parame`tre n’intervient pas pour la re´cupe´ration de la
force isocine´tique. En effet, en cas de traitement  fonctionnel
d’une rupture du ligament croise´ ante´rieur, le de´ficit de force
notamment des extenseurs du genou disparaıˆt en quelques
mois sauf complications a` type de douleur ou d’e´panchement
persistant [10]. Quant au choix de deux te´moins pour un sujet
repris, il a permis d’obtenir une meilleure cine´tique de
re´cupe´ration de la force isocine´tique des genoux ope´re´s en
premie`re intention.  Un nombre plus important de sujets
te´moins aurait e´te´ ne´cessaire afin d’obtenir une base de
donne´e encore plus robuste.
2.6. Conclusion
Selon ces re´sultats pre´liminaires, en l’absence de douleur
postope´ratoire, la re´cupe´ration de la force isocine´tique du
genou apre`s reprise de ligamentoplastie  quelle que soit la
technique aux ischio-jambiers ou au tendon patellaire semble
comparable a` celle d’une ligamentoplastie de premie`re
intention re´alise´e selon la meˆme technique. Le de´ficit est
infe´rieur au niveau des extenseurs du genou apre`s
reconstruction au tendon patellaire controlate´ral en raison
de la morbidite´ du site donneur. Pour la technique de reprise
aux ischio-jambiers, le de´ficit des extenseurs du genou est
e´galement infe´rieur peut-eˆtre en raison d’une re´e´ducation
moins agressive lie´e au de´sir sportif des patients revu a` la
baisse. Ces bons re´sultats concernant la re´cupe´ration de laforce isocine´tique sont inte´ressants a` connaıˆtre pour le suivi
isocine´tique des reprises de ligamentoplastie  du genou.
De´claration d’inte´reˆts
Les auteurs de´clarent ne pas avoir de conflits d’inte´reˆts en
relation avec cet article.
References
[1] Brown CH, Carson EW. Revision anterior cruciate ligament surgery. Clin
Sports Med 1999;18:109–71.
[2] Carliste JC, Parker RD, Matava MJ. Technical considerations in revision
anterior cruciate ligament surgery. J Knee Surg 2007;20:312–22.
[3] Dauty M, Rochcongar P. Isokinetic and anterior cruciate ligament recon-
struction with hamstrings or patella tendon graft: analysis of literature. Int
J sports Med 2005;26:599–606.
[4] Dauty M, Huguet D, Tortellier L, Potiron-Josse M, Dubois C. Retraining
between months 4 and 6 after anterior cruciate ligament reconstruction
with hamstring graft. Comparison between cycling and running with an
untrained operated subject group. Ann Readapt Med Phys 2006;49:
218–25.
[5] Dauty M, Tortellier L, Huguet D, Potiron-Josse M, Dubois C. Conse-
quences of pain on isokinetic performance after anterior cruciate ligament
reconstruction using a semitendinosus and gracilis autograft. Rev Chir
Orthop Reparatrice Appar Mot 2006;92:45–63.
[6] Diamantopoulos AP, Lorbach O, Paessler HH. Anterior cruciate ligament
revision reconstruction: result in 107 patients. Am J Sports Med
2008;36:851–60.
[7] Greis PE, Steadman JR. Revision of failed prosthetic anterior cruciate
ligament reconstruction. Clin Orthop Relat Res 1996;325:78–90.
[8] Grossman MG, El Attrache NS, Shields CL, Glousman RE. Revision
anterior cruciate ligament reconstruction: three- to nine-year follow-up.
Arthroscopie 2005;21:418–23.
[9] Hart JM, Turman KA, Diduch DR, Hart JA, Miller MK. Quadriceps
muscle activation and radiographic osteoarthritis following ACL revision.
Knee Surg Sports Traumatol Arthrosc 2011;19:634–40.
[10] Hole CD, Smit GH, Hammond J, Kumar A, Saxton J, Cochrane T.
Dynamic control and conventional strength ratio of the quadriceps and
hamstrings in subjects with anterior cruciate ligament deficiency. Ergo-
nomics 2000;43:1603–9.
[11] Jaureguito JW, Paulos LE. Why graft fail. Clin Orthop Relat Res
1996;325:25–41.
[12] Lind M, Menhert F, Pedersen AB. The first results from the Danish ACL
reconstruction registry: epidemiologic and 2 years follow-up results from
5,818 knee ligament reconstruction. Knee Surg Sports Traumatol Arthrosc
2009;17:117–24.
[13] MARS Group, Wright RW, Huston LJ, Spindler KP, Dunn WR, Haas AK,
et al. Descritive epidemiology of the multicenter of ACL revision study
(MARS) cohort. Am J Sports Med 2010;38:1979–86.
[14] Me´ne´trey J, Duthon VB, Laumonier T, Frifschy D. ‘‘Biological failure’’ of
the anterior cruciate ligament graft. Knee Surg Sports Traumatol Arthrosc
2008;16:224–31.
[15] Muneta T, Hara K, Ju YJ, Mochizuki T, Morito T, Yagishita K, et al.
Revision anterior cruciate ligament reconstruction by double-bundle
technique using multi-strand semitendinosus tendon. Arthroscopy
2010;26:769–81.
[16] Niki Y, Matsumoto H, Enomoto H, Toyama Y, Suda Y. Single-stage
anterior cruciate ligament revision with bone-patellar tendon-bone: a case-
control series of revision of failed synthetic anterior cruciate ligament
reconstruction. Arthroscopy 2010;26:1058–65.
[17] O’Shea JJ, Shelbourne KD. Anterior cruciate ligament reconstruction with
a reharvest bone-patellar tendon-bone graft. Am J Sports Med 2002;30:
208–13.
[18] Wegrzyn J, Chouteau J, Philippot R, Fessy MH, Moyen B. Repeat revision
of anterior cruciate ligament reconstruction: a retrospective review of
M. Dauty et al. / Annals of Physical and Rehabilitation Medicine 57 (2014) 55–65 65management and outcome of 10 patients with an average 3-years follow-
up. Am J Sports Med 2009;37:776–85.
[19] Weiler A, Schmeling A, Sto¨hr I, Ka¨a¨b ML, Wagner M. Primary versus
single-stage revision anterior cruciate ligament reconstruction using
autologous hamstring tendon grafts: a prospective matched-group analy-
sis. Am J Sports Med 2007;35:1643–52.[20] Wolf RS, Lemak LJ. Revision anterior cruciate ligament reconstruction
surgery. J South Orthop Assoc 2002;11:25–32.
[21] Woods GW, Fincher AL, O’Connor DP, Bacon SA. Revision anterior
cruciate ligament reconstruction using the lateral third of the ipsilateral
patellar tendon after failure of a central third graft: a preliminary report on
10 patients. Am J Knee Surg 2001;14:23–31.
